In Escherichia coli, two different threonine deaminases (L-threonine hydrolyase [deaminating], EC 4.2.1.16) are known to be produced. One of them is a constitutive enzyme that is sensitive to inhibition by L-isoleucine (10) . This enzyme appears to participate in the biosynthesis of L-isoleucine from L-threonine and is referred to as the biosynthetic threonine deaminase (10) . The other one is an inducible enzyme, which is insensitive to inhibition by Lisoleucine and is activated by adenosine 5'-monophosphate (11). This enzyme appears to participate in the catabolism of L-threonine and is referred to as the biodegradative threonine deaminase (2, 7) .
The original method for the induction of biodegradative threonine deaminase described by Wood and Gunsalus (11) requires a complex medium composed of tryptone and yeast extract. Recently , it has been demonstrated that supplementation of the medium with L-threonine and L-serine results in greater production of the enzyme (8) . Furthermore, cyclic adenosine 3',5'-monophosphate has been shown to be involved in this enzyme synthesis (6) manner analogous to the lac and gal operon systems (5) . However, the exact inducer(s) for the synthesis of the biodegradative threonine deaminase has remained unknown in spite of the extensive survey experiments designed to identify the inducer(s) of this enzyme (3) .
In this paper, evidence is presented that seven amino acids are required for the maximal production of the enzyme, and, among them, the four amino acids threonine, serine, methionine, and aspartic acid act as the apparent inducers of the enzyme synthesis in E. coli. RESt'LTS Effects of various amino acids on the enzyme synthesis. Figure 1 shows the levels of the biodegradative threonine deaminase formed when various media were used for enzyme synthesis. The addition of threonine or serine or both to the basal medium did not markedly induce the enzyme (Fig. 1) of this synergism. These results, taken together, indicate that several amino acids in addition to threonine and serine are required for enzyme induction.
MATERIALS AND METHODS
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To determine which amino acids participate in the enzyme induction, the effect of the omission of each amino acid on enzyme synthesis was examined. The omission of each of the seven amino acids threonine, serine, valine, aspartic acid, arginine, methionine, and leucine resulted in the greates loss of enzyme production, suggesting that several or all of these VOL. 132. 1977 seven amino acids inducers enzyme synthesis (Fig. 2) .
In the experiments shown in Fig. 3 , the enzyme was induced by the simultaneous presence of these seven amino acids, and the effect of the omission of each amino acid on the level of the enzyme formed was again determined. The role of threonine, serine, and aspartic acid was again dominant in enzyme synthesis. However, a medium containing threonine, serine, and aspartic acid did not induce the enzyme at all (data not shown), thus suggesting the essential nature of the remaining four amino acids on the enzyme formation.
To exclude the possibility that the carbon and nitrogen sources are limited in the medium used for the experiments in Fig. 3 and the seven amino acids. Each concentration of these amino acids is given in the figure. Cells (9 x 108) were incubated in each medium at 37°C for 60 min. The enzyme activity was measured at 60 min of incubation and is expressed in a manner similar to that in Fig. 1. 3',5'-monophosphate added to the medium to release the catabolite repression of the enzyme by glucose (6) . There are considerable differences in the effect of amino acid omission on the enzyme induction, but threonine, serine, and aspartic acid are still very important requirements (Fig. 4) . Methionine is also now important, whereas valine has lost much of its significance. These alternations in the pattern of amino acid requirements appear to be due to the presence of endogenously formed amino acids and some other compounds inside the cells during incubation under these conditions.
Effects of the seven amino acids on the uptake of inducers. Attempts were then made to investigate the site of action of these seven amino acids. To examine whether or not several of these amino acids act by increasing the uptake of inducers or other amino acids, the effect of these amino acids on the enzyme synthesis at various concentrations of medium components was investigated. At all concentra- Fig. 3 . The amounts of enzyme formed are expressed as in Fig. 1 .
tions of medium components that induced enzyme synthesis, half-maximal synthesis was observed when the original medium components were diluted approximately threefold (data not shown). If any of these seven amino acids were stimulating inducer uptake, omission of such an amino acid should have increased the concentrations of other medium components (or true inducers) required for the half-maximal enzyme synthesis. To further exclude the above possibility, the effect of the seven amino acids on the incorporation of ['4C]threonine, ['4Clserine, and I''Claspartic acid into E. coli was investigated.
since these three amino acids were the major ones required for the enzyme production. Uptake of l'Claspartic acid appeared to decrease 40 and 30%, respectively, when serine and threonine were omitted from the medium (Table 1). Uptake of [ The complete medium contained the same components as those described in Fig. 3 plus I'4C Ithreonine (6, 400 cpm/ gmol of total threonine) 4C jserine (800 cpmi,umol of total serine). or IC laspartic acid 1,54(1 (cpm/gmol of total aspartic acid). After the cells were incubated at 37'C for 60 min, the radioactivities incorporated into cells in each medium were determined as described previously (6) . The results are expressed as the relative percentage of the total radioactivity incorporated into the cells to that of the complete culture, which was taken as 100'c. . Cells (9 x 1081ml) were incubated from zero time in medium containing 50 mM potassium phosphate (pH 7.0), 0.02% MgSO4 7H0O, 10 mM glucose, 10 mM ammonium sulfate, 1 mM cyclic adenosine 3',5'-monophosphate, 50 mM threonine, 2.9 mM valine, 2.6 mM aspartic acid, 0.9 mM methionine, 3.4 mM leucine, and 1.2 mM arginine. After incubation at 37'C for 40 min, 100 Mg of chloramphenicol (A) or 500 pg of rifampin (B) per ml was added, after which incubation was continued in the absence (0) and presence (a) of 50 mM L-serine. Dashed lines represent control cultures to which the antibiotics were not added.
started with endogenous inducers, using the medium containing six amino acids other than serine for 40 min. Rifampin was then added to inhibit deoxyribonucleic acid-dependent RNA synthesis, and the cells were incubated for 40 min in the presence or absence of serine. The addition of serine at the same time as rifampin did not apparently increase the rate of enzyme synthesis or the amount of enzyme formed (Fig. 5B) . The lack of effect of serine under these conditions indicates that the effect of serine requires the continued production of threonine deaminase messenger RNA (mRNA).
Similarly, the site of action of L-valine was examined. It was demonstrated that the effect of valine also required de novo protein synthesis (Fig. 6A) . However, a!dition of rifampin to the medium in the presence and absence of valine did result in a considerable difference in the levels of the enzyme formed in spite of the fact that RNA synthesis was completely arrested by rifampin, as judged by the incorporation of '4C]uracil into the cells (Fig. 6B) . These results indicate that the effect of valine does not require de novo RNA synthesis, i.e., that valine acts at the level of translation rather than transcription.
The modes of action of the other five amino acids have been investigated by the same procedures, and it has been found that the effects of L-threonine, L-aspartic acid, and L-methionine are essentially the same as that of L-serine, whereas the effects of L-leucine and L-arginine are analogous to that of L-valine. DISCUSSION In the present study, it has been shown that the complex medium hitherto used for enzyme induction (7, 8, 11) can be replaced by a synthetic mixture of 18 natural amino acids. Among them, the seven amino acids threonine, serine, aspartic acid, methionine, valine, leucine, and arginine are apparently required for enzyme induction.
To exclude the possibility that any of these seven amino acids act at the level of amino acid transport, the effect of these seven amino acids was examined at various concentrations of medium components; omission of any of these amino acids did not influence the half-maximal enzyme synthesis induced by the endogenous inducer(s) in the cells. Also. the uptake of 14C Ithreonine, 114Clserine, and 14C laspartic acid into the cells was not influenced significantly by the presence of the other six amino acids.
To determine whether these seven amino acids have an effect on the translation of mRNA into protein or on the transcription of deoxyribonucleic acid into mRNA, rifampin Cells (9 x 108/ml) were incubated from zero time in the same medium as that described in Fig. 5 . except that 50 mM serine in place of2.9 mM valine was added to the medium. After incubation at 37'C for 40 min, 100 pg of chloramphenicol (A) or 500 pg of rifampin (B) per ml was added, after which incubation was continued in the absence (0) and presence (*) of 2.9 mM valine. was used to inhibit RNA synthesis. Serine, threonine, aspartic acid, and methionine failed to stimulate enzyme synthesis when added to endogenously induced cells that already contained mRNA of threonine deaminase, but in which new mRNA synthesis was inhibited by rifampin. On the other hand, valine, leucine, and arginine did not appear to participate in the transcription of deoxyribonucleic acid into threonine deaminase mRNA. These results suggest the possibility that threonine, serine, aspartic acid, and methionine are apparent inducers for the synthesis of the biodegradative threonine deaminase. Further studies with mutant strains of E. coli will clarify this point.
To investigate whether these seven amino acids have any effect on the conversion of an inactive enzyme to an active form, chloramphenicol was used. The addition of any of these seven amino acids at the same time as chloramphenicol did not increase the rate of enzyme synthesis or the amount of enzyme formed. Thus, all of these seven amino acids appear to participate in the de novo synthesis of the enzyme.
How the biodegradative threonine deaminase is produced by the simultaneous presence of these four or seven amino acids is at present unknown. It is possible that a new compound is formed from these amino acids which induces enzyme production, since a prolonged lag time (such as 30 min) is usually required before the initiation of enzyme synthesis occurs, as noted before (6) . It is also possible that amino acids other than L-threonine or L-serine or both are required for releasing repression of the enzyme synthesis due to oxygen, since this enzyme is produced only under anaerobic conditions (6, 10) . In this connection, it is noteworthy that Egan and Phillips (1) observed different requirements of amino acids for enzyme induction. It should be pointed out, however, that the apparent discrepancy between their and our studies is probably derived from the different growth conditions of the cells used. In fact, our Fig. 3 and 4 provide evidence that the requirement of amino acids for enzyme synthesis is significantly influenced by other medium components used as carbon and nitrogen sources. On the other hand, their results are consistant with ours in that multiple amino acids are required for enzyme induction, suggesting the essential role of other amino acids for enzyme synthesis. Therefore, this type of induction would be referred to as apparent "multivalent induction," since the term "multivalent repression" is widely used for the opposite phenomenon in the case of the biosynthetic threonine deaminase in the same organism (9) . In this connection, it is of interest to note that rat liver serine deaminase is also induced by the simultaneous presence of several amino acids (4) .
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